The aim of this study was to evaluate the influence of toxic cyanobacterial water bloom on the blood indices of two-year-old silver carp (Hypophthalmichthys molitrix Val.). Experimental fish (336 ± 32 mm length, 365 ± 112 g weight) were exposed to a natural population of cyanobacterial water bloom (mainly Microcystis aeruginosa and M. ichthyoblabe) that contained microcystins (total concentration 133-284 µg·g -1 (DW), concentration in water 2.8-7.4 µg·l -1 ). Haematological indices showed marked changes in fish exposed to the cyanobacterial population compared to the control group. Statistical evaluation of the influence of cyanobacterial water bloom on biochemical and haematological indices of silver carp showed a distinct decrease of albumin, alkaline phosphatase, cholesterol, glucose, total protein, creatinine, lactate, lactate dehydrogenase, phosphorus, iron, cholinesterase, haemoglobin, haematocrit, erythrocyte and leukocyte compared to the control. Values of alanine aminotransferase were significantly increased compared to the control. After exposure to the cyanobacterial water bloom, the silver carp were kept in pure water for monitoring the persistence of biochemical and haematological indices. Influence of the cyanobacterial population on values of albumin, alkaline phosphatase, cholesterol, total protein, glucose, creatinine, phosphorus, iron, cholinesterase, erythrocyte and haematocrit persisted up to 28 days after the end of exposure. Duration of exposure, toxicity and density of cyanobacterial water bloom had an important impact on individual biochemical and haematological indices.
by cyanobacterial toxins due to higher digestion of cyanobacterial water bloom (Carbis et al. 1997; Vajcová et al. 1998 ). On the other hand, experiments with silver carp proved its strong resistance to toxic Microcystis and MCs (Shen et al. 2005) .
Lysates of cyanobacterial biomass administered per os or intraperitoneal exposure of pure microcystins cause significant changes of biochemical indices, red blood cells and plasma enzyme activities. Microcystins cause liver tissue damage in fish, demonstrated by a significant increase of alanine aminotransferase (ALT), aspartate aminotransferase (AST) and lactate dehydrogenase (LDH) activities (Rabergh et al. 1991; Navrátil et al. 1998; Vajcová et al. 1998) .
The rate of LDH, ALT and AST increase depends on the route of administration, characteristics of the cyanobacterial biomass and the amount of toxin. Toxins are synthesized during the growth phase of cyanobacteria and large quantities of microcystins are released into the water during the collapse of the bloom or from actively growing cyanobacterial populations (Malbrouck and Kestemont 2006) . Chorus and Bartram (1999) showed that 100% of toxins are located in the cells of young populations of cyanobacteria whereas in decaying cells, toxin concentrations in water rose to values of 70-80%.
Fish exposed to media containing dispersed microcystins demonstrated that toxic effects are time-delayed due to limited penetration into the healthy fish. The toxic effect after oral administration is approximately 10 × weaker than after intraperitoneal application (Carbis et al. 1997) .
The long-term impact of cyanobacteria containing microcystins at lower concentrations is relatively difficult to observe in individual fish, therefore control of more individuals in fish population is more useful. The measurement of aminotransferases (ALT, AST), bile acids, bilirubin, sodium and chloride from the blood serum is recommended (Carbis et al. 1996) .
Biochemical indices of blood and plasma in fish are affected by many endogenous and exogenous factors. The changes of haematological and biochemical indices in fish could be caused by chemical factors (Kopp and Heteša 2000; Lusková et al. 2002; Pepeljnjak et al. 2003) , age, health and body condition (Svetina et al. 2002) , nutrition (Serpunin 1995) or stress (Dobšíková et al. 2006) .
The aim of this work was to study the effects of natural cyanobacterial population with a known amount of microcystins on the biochemical and haematological indices of two-yearold silver carp (Hypophthalmichthys molitrix Val.) and their persistence in pure water.
Materials and Methods

Fish
Two-year-old silver carp (Hypophthalmichthys molitrix Val.) obtained from a single artificial stripping (Fishpond management Pohořelice, Czech Republic) were used for the experiment. These fish measured 336 ± 32 mm in length, and had an average body weight of 365 ± 112 g. They were acclimatised for one week before the start of the study in a small pond without cyanobacteria. They were caged and exposed to a cyanobacterial bloom that had naturally developed in the breeding pond during 28 days from August to October 2005. In parallel, control groups of fish were also kept in another pond without apparent cyanobacterial bloom formation. The fish were reared under natural conditions without additional feeding. After exposure, they were placed in pure water for the same period of time (28 days) for monitoring the persistence of biochemical indices. Influences of the cyanobacterial population on the values of ALB, ALP, CHOL, TP, GLC, CRE, P, Fe and CHE in the silver carp were monitored for 28 days after exposure. The fish were placed into two 1000-l tanks containing dechlorinated drinking water (pure water) without feeding. The fish were exposed to a 12-h light/12 h dark photoperiod, and the tank water was changed daily. The water variables during the experiments (given for the experimental and control group, respectively) were as follows: water temperature 19.2 ± 1.1, 19.6 ± 1.1 ºC; dissolved oxygen 10.0 ± 3.2, 11.1 ± 2.8 mg·l -1 ; pH 8.9 ± 0.6, 9.1 ± 0.2, ammonia 0.38 ± 0.14, 0.45 ± 0.14 mg·l -1 N-NH 4 + , and nitrite 0.058 ± 0.010, 0.070 ± 0.011 mg·l -1 N-NO 2 -. Water saturation by oxygen, temperature and pH were measured by a WTW Oxi 340i dissolved oxygen meter and a WTW pH 340i pH meter. Ammonium ions were determined by the Nessler method and nitrites by a method using N-(1-naphthyl)-ethylenediamine (APHA 1981).
Phytoplankton and microcystins
Cyanobacterial and algal biomass was evaluated every week by chlorophyll a concentrations (ISO 10260, 1992) ) in the control pond. Concentrations of microcystins in the cyanobacterial and algal biomass were determined by the previously published method using HPLC (Agillent 1100 system, Supelcosil ABZ+Plus C18 column) coupled with a photodiode array detector (Bláha and Maršálek 2003) . The concentrations of microcystins in the experimental and control breeding pond are presented in Table 1 . The concentrations are well comparable with microcystin levels from other ponds in the Czech Republic (Maršálek et al. 2001 ).
Sampling and measuring of haematological indicators in blood and biochemical indices in plasma
Immediately after catching the fish (10 individuals from experimental and 10 individuals from the control group) from a pond or tank, blood samples were collected. Inadequate and haemolytic blood samples were eliminated. The fish were sampled at the beginning of the experiment and every 7 th day during and after exposure. Fish blood was taken by cardiopuncture using heparinised syringes. Heparin at a concentration of 50 I.U. per 1 ml was used for blood stabilization. Values of haemoglobin (Hb), haematocrit (PCV), mean corpuscular haemoglobin concentration (MCHC), mean corpuscular volume (MCV), mean corpuscular haemoglobin (MCH), erythrocyte (RBC) and leukocyte (WBC) were determined by standard methods (Svobodová et al. 1991) .
The blood was centrifuged at 400 g for 15 min at 4 °C, and the resulting plasma was stored at -80 °C until the day of analyses. Biochemical analyses of blood plasma were conducted using commercially available reagents (Table 2) using the ADVIA 1650 automatic analyzer (Siemens, USA). All serum enzymatic activities were analyzed at 37 ºC. Statistical analyses Data were processed in two stages. Significance of differences between every individual experimental and control groups was analysed by t-test using the Unistat 5.0 software. Significantly different indices compared to the control are marked by one asterisk (P < 0.05) or two asterisks (P < 0.01).
To determine the total effect of cyanobacteria in blood, indices were analysed as follows. Firstly, presumption of data normality and skedasticity was verified. The next procedure depended on the presumption: normality and homoskedasticity was followed by F-test, abnormality and homoskedasticity was followed by Kruskal-Wallis test, normality or abnormality and heteroskedasticity were followed by transformation of data (necessary to ensure homoskedasticity) and the selection of a test in compliance with normality. Significant differences of the total effect of cyanobacteria are marked by a diesis (where P < 0.05), and were analysed using the NCSS2000 and SCAN software.
Results and Discussion
The haematological and biochemical indicators affected by cyanobacterial water bloom are presented in Fig. 1 and Table 3 . Fig. 1 The effect of cyanobacteria on haematological and biochemical indices of the silver carp. The box plots show the average value (middle line of the box), median value (short line in the box), standard error (notch of the box), the upper and lower interquartile range and the 95% confidence interval for the interquartile range. Significantly different indices compared to the control are marked by an asterisk when P < 0.05 or two asterisks when P < 0.01. The checked box indicates input of data. Open boxes indicate control and tinted boxes indicate experimental groups. The black line in the middle of plots indicates fish transfer to pure water.
Total statistical evaluation of the influence of cyanobacterial water bloom on biochemical indices of the two-year-old silver carp showed a distinct decrease of albumin, alkaline phosphatase, cholesterol, total protein, glucose, creatinine, lactate, lactate dehydrogenase, phosphorus, iron, cholinesterase, haemoglobin, haematocrit, erythrocyte and leukocyte compared to controls. Values of alanine transaminase were significantly increased compared to controls. Changes of total bilirubin, aspartate aminotransferase, calcium, magnesium, urea, mean corpuscular haemoglobin concentration, mean corpuscular volume and mean corpuscular haemoglobin were not significantly elevated or decreased compared to controls.
Values of haematological and biochemical indices in this work do not correspond well with the results published by other authors (Rabergh et al. 1991; Tencalla et al. 1994; Carbis et al. 1996 Carbis et al. , 1997 Navrátil et al. 1998; Kopp and Heteša, 2000; Kopp et al. 2005; Li et al. 2004 Li et al. , 2007 Zhang et al. 2008; Qiu et al. 2009 ). Differences were mainly due to the different ways of toxin and cyanobacterial cell biomass administration, alterations in the physiological status of the cyanobacterial water bloom populations and different sensibility of fish species.
Significance of the differences between individual groups was analysed every 7 days of the experiment, not always corresponding with the overall statistical evaluation. Values of ALB, ALP, CHOL, CHE and P, were significantly different every week of the experiment under natural conditions (Fig. 1) , whereas values of the ALT, LACT, LDH, Fe, Hb, PCV and WBC were significant only once during exposure to natural conditions. Liver enzymes (ALT, AST and LDH) are the most frequently tested enzymes in fish for indication of cyanobacterial toxicity. Rabergh et al. 1991 reported that the activity of blood plasma enzymes (ALT, AST and LDH) increased 2 h after intraperitoneal injection 140 Table 3 . The effect of cyanobacteria on haematological blood and biochemical plasma indices of silver carp (average value ± SD). Significantly different influences of cyanobacterial population on haematological and biochemical indices of silver carp (P < 0.05), when compared to the control, are marked by diesis in column named Exposure under natural conditions. Influence of cyanobacteria was significantly persistent after a 28-day exposure to silver carps in pure water and is marked by diesis in the column Exposure in pure water. Tencalla et al. (1994) observed a decrease in their activity after 48 h, and suggested that this was due to damage to a majority of hepatocytes that were not able to release enzymes into the circulatory system. A significant increase in the activities of ALT, AST and LDH after intraperitoneal or oral administration of microcystin-LR to the carp was observed (Bury et al. 1997; Navrátil et al. 1998; Malbrouck et al. 2003; Li et al. 2004 ). Kopp and Heteša (2000) reported that the activity of blood plasma enzymes increased after exposing the common carp for 96-h to natural cyanobacterial population. Carbis et al. (1996) noted a delay of toxic manifestation in fish exposed to water with dispersed microcystin. Serum activities of AST and ALT increased 7 days after the carp were exposed to water that contained microcystins. Feral carp from a lake where toxic Microcystis aeruginosa was formed had a higher activity of AST in serum (Carbis et al. 1997) . Qiu et al. (2009) observed increased activity values of LDH and decreased values of AST and ALT in silver carp and bighead carp during exposure to cyanobacteria in natural environment. Malbrouck et al. (2003) reported that activities of plasma enzymes (ALT, AST and LDH) completely recovered after 21 days of intraperitoneal injection of microcystin-LR. Our results showed a significant increase (P < 0.05) in values of ALT during exposure to cyanobacteria and a significant decrease after transfer to pure water (Table 3) . Values of LDH decreased significantly during exposure to cyanobacteria; these values did not change significantly after transfer to pure water. Values of AST were lower in the experimental group compared to the control group during the entire experiment, but the changes were not significant.
Daily low dose of exposure of fish to cyanobacteria containing microcystins caused inexpressive changes in serum, ALT, AST and LDH activities. The absorption of common concentrations of microcystins in natural water through oral, dermal or brachial pathways may be limited in healthy fish. The acute toxicity of microcystins is unlikely to occur in silver carp and chronic injury will probably not be detected by changes of enzyme (AST, ALT and LDH) activity in the blood plasma.
Compared to the control fish, exposure to cyanobacteria had significant decreasing effects on the serum ALP, CRE and CHE activity. An increased value of alkaline phosphatase indicates incorrect secretion of bile. The decrease of cholinesterase values may indicate chronic injury of the hepatopancreas. An increased value of creatinine is an indicator of kidney damage, muscular dystrophia and exercise of the organism (Masopust 1998) . Kopp et al. (2005) showed that in silver carp exposed to toxic cyanobacterial population, serum activities of ALP significantly decreased, and activities of CHE significantly increased. The ALP activities of carp did not change in water that contained the pesticide diazinon (Lusková et al. 2002) . Our results of alkaline phosphatase and creatinine activities support the assumption that the liver and muscle tissues of experimental fish were not markedly affected. On the other hand, decreased values of cholinesterase observed in the experimental silver carp groups indicate that the toxic population of cyanobacteria damages the hepatopancreas. Bury et al. (1996) and Ernst et al. (2006) observed slightly increased glucose concentrations in fish (brown trout and whitefish, respectively) exposed to cyanobacteria, but changes were not significant. An increase in glucose is a general response of fish to acute pollutant effects and stress (Lusková et al. 2002; Svobodová et al. 2006) . Consequently, stress as indicated by plasma glucose changes does not appear to be associated with liver pathology. The significant decrease of glucose in our experiment may be affected by a high concentration of cyanobacteria cells in water, difficult respiration, poor availability of nutrition and increased consumption of energy for basic metabolism. The values of glucose changed again after transfer to pure water.
Blood cell components (Hb, PCV, RBC, MCV, MCH and MCHC) usually decrease after application of pure microcystins or toxic cyanobacterial biomass as a result of patho-morphological changes. These comprise extensive haemorrhage of the skin, eyes, hepatopancreas and swim bladder Vajcová et al. 1998) . Our results showed an overall significant decrease in values of Hb, PCV and RBC in the statistical evaluation. This decrease was also noted after transfer to pure water, with the exception of Hb values, which were significantly elevated. Natural populations of cyanobacteria in water do not create extensive injury to fish, although their effect on environmental conditions (e.g. dissolved oxygen and ammonia) is detrimental to the health of fish. Cyanobacterial biomass caused fluctuation of oxygen saturation of water, and as a possible result of compensation for the deficiency of oxygen, fish were found to have higher counts of haemoglobin. Small differences among biochemical indices in a population of fish are normal. A significant decrease in the total leukocyte count (WBC) was observed after intraperitoneal or oral administration of microcystin-LR in the carp . Our results showed a significant decrease in the value of total leukocyte counts in natural water and a significant increase after transfer to pure water. It should be noted that the leukocyte counts in blood were higher in the control and experimental groups of silver carp under natural water conditions compared to both groups of fish in pure water.
In previous experiments, values of total protein significantly decreased after intraperitoneal administration of pure microcystin-LR to the common carp , silver carp ) and were not changed in the carp (Carbis et al. 1996) . Changes of total protein under the influence of cyanobacterial populations were reduced in the common carp (Kopp and Heteša 2000) and were not changed in the silver carp (Kopp et al. 2005) . The values of total protein concentration in our experiment were significantly decreased. Changes in protein content started immediately after the beginning of exposure. The values of total protein significantly differ every week during natural exposure, as well as after the transfer of fish into pure water (Fig. 1) .
Likewise, the practically identical values of urea, observed in the control and experimental silver carp groups, indicate that the metabolism of proteins was not damaged by the toxic population of cyanobacteria. On the other hand, urea values were significantly increased during a study on silver carp and bighead carp under natural conditions in China (Qiu et al. 2009 ). Our results showed a significant decrease in values of albumin compared to control. Significant changes in individual weeks were apparent immediately and the values of albumin were persistent after fish were transferred to pure water. Lower values of albumin may indicate insufficient liver activity but the decline in values may be affected by other factors. Albumin values were within the normal range during a study of feral carp (Carbis et al. 1997 ) and silver carp (Kopp et al. 2005) under the influence of microcystins. Changes in the values of albumin in carp were not observed even after intraperitoneal application of microcystins (Carbis et al. 1996) . Microcystins alone thus do not influence the values of albumin and the decline of values may be affected by another cyanobacterial metabolite.
Most authors have reported an increase in plasma lactate concentration in various fish following stress and acute effects of toxic substances including bacterial toxins (Dabrowska et al. 1991; Kakuta et al. 1991; Williams et al. 1997; Kopp et al. 2005) . In contrast, Lusková et al. (2002) reported a decrease of plasma lactate concentration in carp kept in water containing the pesticide diazinon. In our experiment, a significant decrease of lactate concentration in the blood plasma of experimental fish compared to control may indicate a higher metabolic rate of lactate in the hepatopancreas and/or it might be a result of stress caused by cyanobacteria. The decline in the lactate value was slow but not significantly after the transfer of fish to pure water.
The negative effect of different pollutants at sublethal concentrations and stress of fish may be indicated by a decrease in cholesterol values (Gluth and Hanke 1985; Svobodová et al. 2006) . The decrease in cholesterol concentrations in our study may indicate a slight injury of the hepatopancreas. Significant changes in cholesterol started after 7 days of exposure to cyanobacteria and remained significant even after the transfer of fish to pure water. The same trends in cholesterol values were described by Zhang et al. (2007) in crucian carp and by Qiu et al. (2009) in silver carp and bighead carp. Our results showed a significant decrease in electrolyte values (Fe and P) after 7-28 days of exposure of the fish to cyanobacteria, values of Mg and Ca decreased, although not significantly compared to the control. Kopp et al. (2005) reported a significant decrease in values of Ca, and Mg, and a significant increase in Fe and P in silver carp under the influence of a natural cyanobacteria population. Lusková et al. (2002) reported that the content of Ca and P in the blood plasma of carp decreased in water containing pesticide. The basic function of electrolytes in the body is to control fluid distribution, intra-and extra-cellular acidobasic balance, maintaining osmotic pressure of body fluids and normal neuro-muscular irritability. Calcium and phosphorus ions functionally participate in maintaining normal irritability of the heart, muscles and nerves, as well as the selective permeability of cell membranes. Magnesium and iron are important for a healthy function of the kidneys, liver and proteosynthesis. Decreased or increased values of electrolytes in blood plasma indicated abnormal function of the fish organism. The values of electrolytes were not significantly changed 7-14 days after fish transfer to pure water. After this period, differences between experimental and control groups of fish were noted. The following differences in values of electrolytes (21-28 days after transfer) could be caused by other factors (stress in pure water, absence of nutrition, etc.).
Biochemical indices of blood and plasma in fish are affected by many endogenous and exogenous factors. Liver enzymes (ALT, AST and LDH) are the most suitable variables in fish as indicators of the toxicity of cyanobacteria after intraperitoneal or per os biomass administration. The toxic effect of cyanobacteria on fish exposed to natural environmental conditions is much weaker than after intraperitoneal or per os administration. In case of chronic exposure, cyanobacteria will most likely not be detected by enzyme activity changes (ALT, AST, ALP, ACP, CHE and LDH) in the blood plasma of fish. Our results proved that liver damage was not severe enough to cause changes in the activities of liver enzymes. Other indicators, Hb, RBC, WBC, PCV, TP, LACT, Fe, P and GLU were influenced by the action of natural population of cyanobacterial water bloom due to the participation of other active substances and changes in water chemistry. Measurements of albumin, alkaline phosphatase, cholinesterase and cholesterol in blood serum are therefore recommended under natural conditions.
Změny hematologických a biochemických ukazatelů u tolstolobika bílého (Hypophthalmichthys molitrix Val.) pod vlivem toxického vodního květu sinic
Cílem předložené práce bylo sledovat vliv toxické populace vodního květu sinic na hematologické ukazatele u dvouletého tolstolobika bílého (celková délka 336 ± 32 mm, celková hmotnost 365 ± 112 g). Změny byly sledovány u ryb exponovaných v sádce s masivně přirozeně vyvinutým toxickým vodním květem sinic a porovnávány s rybami kontrolními exponovanými v sádce bez sinic. Vodní květ sinic byl tvořen koloniálními sinicemi Microcystis aeruginosa a Microcystis ichthyoblabe obsahujících mikrocystiny v celkové koncentraci 2,8-7,4 µg·l -1 ve vodě a 133-284 µg·g -1 v sušině biomasy. Statistické vyhodnocení výsledků ukázalo signifikantní pokles hodnot albuminu, alkalické fosfatázy, cholesterolu, glukózy, celkového proteinu, kreatininu, laktátu, laktát dehydrogenázy, fosforu, železa, cholinesterázy, hemoglobinu, hematokritu, erytrocytů, leukocytů a signifikantní zvýšení alanin aminotransferázy u ryb exponovaných v sinicích ve srovnání s kontrolními rybami. Po expozici byly pokusné i kontrolní ryby přemístěny do čisté vody bez sinic a řas ke sledování perzistence působení sinic na hematologické ukazatele. U hodnot albuminu, alkalické fosfatázy, cholesterolu, glukózy, celkového proteinu, kreatininu, fosforu, železa, cholinesterázy, hematokritu a erytrocytů přetrvával vliv sinic i v průběhu 28 dnů po ukončení expozice. Expoziční doba, toxicita a hustota vodního květu sinic má výrazný vliv na jednotlivé hematologické ukazatele.
